Background: Identifying early markers of septic complications can aid in the diagnosis and therapeutic management of hospitalized patients. In this study, the utility of procalcitonin (PCT) vs. C-reactive protein (CRP) as early markers of sepsis was compared. Methods: A series of 2,697 consecutive blood samples was collected from hospitalized patients and serum PCT and CRP levels were measured. Patients were categorized by PCT level as follows: < 0.05 ng/ml, 0.05-0.49 ng/ml, 0.5-1.99 ng/ml, 2-9.99 ng/ml, and > 10 ng/ml. Diagnostic utility was analyzed by receiver operating characteristic (ROC) curves. Results: Mean CRP levels varied among the five PCT categories at 0.31 ± 2.87, 5.65 ± 6.26, 13.78 ± 8.01, 12.15 ± 10.16, and 17.77 ± 10.59, respectively (P < 0.05). PCT and CRP differed between positive and negative blood culture groups (PCT: 15.9 vs. 4.78 mg/dl; CRP: 11.5 ng/ml vs. 9.57 ng/ml; P < 0.05). The areas under the ROC curves (PCT, 95% confidence interval [CI]: 0.743, range: 0.698-0.789 at a threshold of 0.5 ng/ml; CRP, 95% CI: 0.540, range: 0.478-0.602 at a threshold of 8 mg/l) differed for PCT and CRP (P < 0.05). Conclusions: Therefore, PCT is a reliable marker for sepsis diagnosis and is more relevant than CRP in patients with a positive blood culture. These findings can be useful for the treatment of critically ill sepsis patients.
INTRODUCTION
Infection is a major complication in hospitalized and post-surgical patients that greatly impacts patient outcome and increases healthcare costs for society. However, the clinical distinction between minor infection and sepsis is not always apparent, making diagnosis difficult at early stages. For example, systemic inflammatory response syndrome (SIRS) with fever frequently occurs in hospitalized patients in the absence of an infection. SIRS can be self-limiting or may progress to severe sepsis or septic shock in some cases [1] . As such, an accurate and timely diagnosis of infection vs. sepsis and the imple- a precursor of calcitonin in humans; however, PCT levels are increased in sepsis from an extrathyroidal origin [4, 5] and are markedly elevatedduring severe infection and endotoxemia [6, 7] . PCT is detectable after infection following an increase in the levels of proinflammatory cytokines such as tumor necrosis factor-α or IL-6, with high levels maintained from 8 to 24 h, after which levels return to baseline values more rapidly than that of CRP [8] .
This study evaluatedthe diagnostic value of PCT as an early marker of infection and compared PCT and CRP in terms of their ability to predict sepsis based on the results of blood cultures.
MATERIAL AND METHODS
We retrospectively analyzed 2,697 consecutive blood 
RESULTS
The distribution of the sampled population according to PCT categories is shown in Table 1 . CRP values increased from Group 1 through 5 as a function of PCT Levels of procalcitonin corresponds to group 1, < 0.05 ng/mL; group 2, 0.05-0.49 ng/mL; group 3, 0.5-1.99 ng/mL; group 4, 2-9.99 ng/mL and group 5, > 10 ng/mL. SD: standard deviation. Table 1 . Distribution of sample population in accordance with the categorized groups of procalcitonin level Fig. 1 . Comparison of C-reactive protein levels in accordance with the five categorized groups of patients based on procalcitonin levels as follows: Group 1: 10 ng/mL. The box plot shows the lower quartile, mean, and upper quartile value. level and the differences between groups were statistically significant (P < 0.05 Fig. 1 ). Mean CRP concentrations in the five PCT categories were 0.13 ± 2.88, 4.93 ± 6.27, were positive whereas the remaining 892 were negative.
Median PCT values were 2.55 and 0.35 ng/ml (Fig. 2) andmedian CRP values were 7.41 and 7.49 mg/dl (Fig.   3 ) in the positive and negative blood culture groups, respectively. Thus, both CRP and PCT levels were higher in the positive than in the negative blood culture group; however, the difference was only statistically significant for PCT (P < 0.01) and not for CRP (P = 0.07).An analysis of ROC curves to assess the predictive value of PCT and CRP for sepsis found that the AUC of PCT was higher than that of CRP (P < 0.01 Fig. 4 ).
DISCUSSION
The results of this study demonstrate that CRP value increased proportionately with increases in PCT level in hospitalized patients. In Group 5, which hadthe highest PCT levels, CRP levels were higher than those in Group 1, which hadthe lowest PCT levels. Furthermore, both PCT and CRP values were higher in the positive than in the negative blood culture group. Previous studies have compared biomarkers in patient groups categorized according to PCT level [10, 11] . Our measurements could therefore be useful for predicting clinically relevant sepsis in hospitalized patients. In this regard, PCT was found to be a more accurate marker than CRP to predict postoperative sepsis.
The early identification of hospitalized patients who may develop sepsis can enable more timely intervention.
Decision-making based on symptoms of infection is often subjective, as these may be attenuated or nonspecific. As such, detecting an infection or sepsis in hospitalized patients remains a challenge, and there is a need for reliable biomarkers for this purpose however, currently available clinical and biological parameters such as leukocyte count and CRP cannot always distinguish between sepsis and SIRS. Furthermore, routine laboratory tests lack sensitivity and specificity, and confirmatory results of microbiological studies are not immediately available.
Biomarkers such as PCT, CRP, and erythrocyte sedimentation rate are known indicators of bacterial infection [12] . In our study, CRP and PCT levels were higher in the positive than in the negative blood culture group.
These results underscore the importance of combining biochemical information from biomarkers and clinical statusfor diagnosing sepsis. Moreover, the observed increases in PCT and CRP levels imply that these biomarkers are clinically useful for predicting sepsis, although their levels were also elevated in some patients in the negative blood culture group these may be non-microbiologically confirmed cases, which represent about one third of all sepsis patients [13] .
PCT is one of the most accurate biomarkers for diagnosing sepsis and infection [6] . In the present study, we found that a serum PCT concentration > 10 ng/ml was highly suggestive of sepsis with good sensitivity (75.0%), specificity (56.5%), and predictive value. This is consistent with previous studies demonstrating the usefulness of PCT as a marker for infection for instance, high serum PCT was detected in patients with severe bacterial infection, whereas in those without sepsis serum PCT was undetectable [6] .
CRP levels have been widely used to diagnose and track infections. Aserum CRP level > 50 mg/l in intensive care unit patients was found to be highly suggestive of sepsis, with a sensitivity of 98.5% and a specificity of 75% [14] , although it did not predict disease outcome or severity. CRP is also inadequate for immediate diagnosis and prognosis because of the time taken for a reaction to occur and the limited duration of increased serum levels [9, 15, 16] . In our study, CRP sensitivity was 47.3% and specificity was 53.1% moreover, the AUC of PCT was higher than that of CRP (0.701, 0.511),
suggesting that PCT is superior to CRP as a marker for identifying and diagnosing sepsis. However, it is still unclear whether PCT is more specific than cytokines for infection; although this point remains controversial [17] , several studies have provided evidence for the usefulness of PCT as a predictive biomarker in clinical settings [5, 13] .
Our study had some limitations. Firstly, given that it was a retrospective and single-center study there may have been observational and selection biases for example, the heterogeneous nature of patient blood samples may have obscured greater differences in the results. Secondly, the influence of disease time course must be taken into consideration, since some studies have shown that the PCT level increases at an earlier time point than that of CRP after sepsis onset and also decreases sooner during the course of controlled sepsis [18, 19] . Therefore, follow-up studies may be needed for patients with clinically suspected sepsis.
In conclusion, PCT is a reliable and specific sepsis biomarker in critically ill patients, and may be a useful predictive tool. Accurate determination of PCT levels in a clinical setting can improve the treatment of hospitalized patients by enabling a timely diagnosis and avoiding potentially unnecessary treatment.
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